Esta es la versión de autor del artículo publicado en: This is an author produced version of a paper published in: The effect of Bradyrhizobium-legume symbiosis on plant growth, toxicological 3 variables and Cu bioaccumulation was studied in white lupin and soybean plants treated 4 with 1.6, 48, 96 and 192 M Cu. In both species, those plants grown in the presence of 5 root nodule-forming symbiotic Bradyrhizobium showed less root and shoot growth 6 reduction, plus greater translocation of Cu to the shoot, than those grown without 7 symbiotic Bradyrhizobium. The effective added concentrations of Cu that reduced shoot 8 and root dry weight by 50% (EC 50 ), and the critical toxic concentration that caused a 9 10% reduction in plant growth (CTC 10% ), were higher in plants grown with symbiotic 10
After cooling, the flocculent precipitate was removed by centrifugation at 11,000 x g for 141 10 min. Absorbance of the supernatant was measured at 535 nm and corrected for non-142 specific turbidity by subtracting the absorbance at 600 nm. Total thiols (-SH) were 143 assayed using 100 mg FW of plant material with 0.4 mL of NaOH (1 M) containing 144 NaBH 4 (1 mg.mL -1 ) and 0.2 mL of deionised water. After centrifugation (11,000 x g, 10 145 min), 0.5 mL of supernatant was added to 0.5 mL of 5,5´-dithiobis(2-nitrobenzoic acid) 146 dissolved in neutralizing buffer (0.5 M potassium phosphate, pH 7.2), and absorbance 147 measured at 410 nm (Jocelyn, 1987) . weight by 50% (EC 50 ), were calculated by regression analysis using SigmaPlot 9.0 155 software (SPSS Inc., Chicago, IL). EC 50 values were calculated using a four-variableThe data presented are the means ± standard errors (S.E.) of four independent 158
replicates. To ensure that the assumptions for statistical analysis were fulfilled, the 159 equality of variances and the normality of the data were tested. Differences between 160
means for each variable were tested for significance by one-way analysis of variance 161 (ANOVA). Significant differences (P<0.05) between treatments were sought using the 162 least significant difference test or Duncan's test as appropriate. 163 Similarly, compared to plants grown without SB, both white lupin and soybean 216 plants grown with SB would need higher Cu concentrations in their shoots and roots 217 before a 50% reduction in growth would be appreciable (2.1 times more for white lupin 218 shoot, 7.5 times more for the root; 1.9 times for the soybean shoot, and 3.8 times more 219 for the root). Further, in white lupins grown without SB, the shoot and root EC 50 values 220 were similar, while in soybean the root EC 50 value was higher in the root (1.8 times) 221 than in the shoot. In white lupin and soybean grown with SB, the EC 50 values for the 222 root were respectively 3 and 3.5 times higher than those recorded for the shoot (Table 1) 
Conclusions 287 288
In general, the shoot was more sensitive to Cu excess than the root in both 289 legumes studied, whether grown with or without SB; the EC 50 and CTC 10% values were 290 smaller, and the increase in MDA production were greater than in the root. Rhizobium-291 legume symbiosis appears to mitigate Cu toxicity in both legumes; it leads to smaller 292 reductions in shoot (around 10% in white lupin and 6-25% in soybean) and root growth 293 (around 55% in white lupin and 45% in soybean), and increases the CTC 10% and EC 50 294
values. In addition, it increases Cu translocation to the aerial part of the plants. However, 295 the presence of SB appears to have a more useful effect in white lupin than soybean 296 plants: i) the increase in CTC 10% and EC 50 in the shoots and roots is greater in this 297 species, and ii) it is associated with less oxidative stress and therefore a smaller 298 antioxidant response. Finally, the inoculation of white lupin and soybean plants with 299
Bradyrhizobium appears to increase their phytoextraction capacity and Cu tolerance. 300
Ensuring Rhizobium-legume symbiosis occurs may therefore be important in the 301 remediation of Cu-contaminated sites (at least up to an effective dose of around 96 µM 302 Cu) with the present plant species. Table 1   Table 2 Concentration of MDA and total -SH (nmol g −1 FW) in the leaves and roots of white lupin plants grown with or without symbiotic Bradyrhizobium and exposed to different Cu doses. Data are means ± S.E. (n = 4). Values in the same row followed by different letters differ significantly (P<0.05). Table 2   Table 3 Concentration of MDA and total -SH (nmol g −1 FW) in the leaves and roots of soybean plants grown with or without symbiotic Bradyrhizobium and exposed to different Cu doses. Data are means ± S.E. (n = 4). Values in the same row followed by different letters differ significantly (P<0.05). 
